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PREFACE 


This  report  describes  the  results  of  a  fatigue  evaluation  of  a  head  shield 
for  a  hazardous  material  tank  car.  The  work  was  conducted  by  I IT  Research 
Institute  (IITRI)  under  the  authorization  of  ARRADCOM  Contract  DAAK11-78-C-0043, 
for  the  U.S.  Army  Ballistic  Research  Laboratory  (BRL),  Aberdeen  Proving  Ground, 
Maryland.  Dr.  Milton  R.  Johnson  has  been  the  IITRI  Project  Manager. 

-This  report  is  submitted  as.  the  .second  volume  of  the  final  report.  The _ _ 

fJX?i_v°lunie  was  spitted  ^earlier.  It  described  the  final  results  of  the' 
Accelerated  LTfe  Test  which  evaluated  the  long  term  serviceability  of  thermal 
shields  and  head  shields  installed  on  hazardous  material  tank  cars.  Dr.  Charles 
Anderson  was  the  cognizant  BRL  technical  monitor.  His  helpful  suggestions  and 
guidance  during  the  course  of  the  work  are  gratefully  acknowledged. 
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EXECUTIVE  SUMMARY 


The  dynamic  response  of  a  typical  railroad  tank  car  head  shie.d  and  its 
attachments  was  examined  during  car-coupling  impact  tests.  This  condition 
leads  to  the  largest  stresses  which  are  found  in  the  railroad  operating  envi¬ 
ronment.  The  purpose  of  the  examination  was  to  determine  the  expected  fatigue 
performance  of  the  head  shield.  The  work  was  based  on  data  obtained  on  car¬ 
coupling  impact  tests  which  were  conducted  by  the  U.S.  Army,  Ballistic  Research 
Laboratory  (BRL)  at  Aberdeen  Proving  Ground,  Md.  The  data  obtained  from  these 
tests  showed  that  currently  applicable  head  shield  specifications  were  met,  but 
that  some  questions  remained  regarding  other  factors  that  should  be  considered 
in  the  fatigue  evaluation. 

The  BRL  tests  were  run  under  various  coupling  conditions  on  a  Class  112A 
tank  car  equipped  with  head  shields  designed  by  RAILGARD,  INC.  The  test  car 
and  one  of  its  two  head  shields  were  instrumented  with  transducers  to  provide 
a  continuous  output  of  strains,  forces,  and  accelerations.  The  largest  strains 
were  measured  on  the  anvil  car  tests,  which  was  a  test  where  the  instrumented 
car  was  struck  by  a  moving  car.  This  was  in  agreement  with  similar  measure¬ 
ments  that  were  made  on  other  tests.  The  effect  is  due  to  the  complex  dynamic 
response  phenomena  which  occur  as  the  struck  car  is  being  accelerated  after 
being  hit  by  the  moving  car. 

The  largest  strains  which  were  recorded  during  the  tests  were  measured  at 
a  gauge  location  on  the  head  shield  plate  near  the  bracket  where  it  was  attached 
to  the  stub  sill.  Since  it  was  likely  that  the  gauges  were  not  located  exactly 
at  the  most  highly  stressed  location,  the  fatigue  evaluation  required  consider¬ 
ation  of  the  anticipated  strains  at  other  positions. 

A  dynamic  finite  element  analysis  was  conducted  to  Drovide  a  means  for 
extrapolating  experimental  strain  data  to  other  locations  in  the  head  shield 
structure.  The  analysis  showed  that  the  highest  strains  in  the  shield  would 
be  reached  at  a  point  about  51  mm  (2  in.)  below  and  51  mm  (2  in.)  toward  the 
center  of  the  shield  from  the  gauge  position  where  the  maximum  strains  were 
recorded.  The  maximum  predicted  strains  at  this  location  were  about  twice  the 
value  of  the  strains  predicted  for  the  gauge  location.  This  factor  was  used 
to  scale  up  the  experimental  test  data  to  get  an  estimate  of  the  maximum  strains. 

The  fatigue  analysis  of  the  head  shield  and  support  structure  was  restricted 
to  an  examination  of  the  effects  of  car-coupling  impacts.  A  previous  study  of 
head  shield  fatigue  concluded  that  this  is  the  most  important  aspect  of  the 
railroad  service  environment  for  the  accumulation  of  fatigue  damage.  The  anal¬ 
ysis  was  conducted  by  estimating  the  number  of  strain  cycles  on  a  yearly  basis 
and  then  estimating  the  fatigue  damage  caused  by  these  cycles.  The  fatigue 
damage  was  expressed  as  a  percentage  of  the  total  estimated  fatigue  life  of 
the  structure. 

A  linear  cumulative  damage  law  was  assumed  for  the  fatigue  damage  calcula¬ 
tions.  The  calculation  included  a  determination  of  the  expected  number  of 
cycles  at  various  levels  of  cyclic  strain  and  estimating  the  percentage  of 
fatigue  damage  for  each  of  these  levels.  The  total  expected  fatigue  damage 
was  expressed  as  the  sum  of  the  percentages  of  fatigue  damage  in  each  strain 
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range.  The  calculation  predicted  that  the  annual  damage  was  a  very  small 
percentage  of  the  expected  fatigue  life,  being  less  than  0.2  percent.  From 
a  practical  standpoint  it  was  concluded  that  the  head  shield  would  have  an 
infinite  fatigue  life. 

The  results  show  that  one  cannot  rely  on  strain  gauge  data  alone  to  assess 
the  adequacy  of  the  head  shield  structure  to  resist  fatigue  damage  effects. 
Finite  element  analysis  should  be  used  to  interpolate  and  extrapolate  the  test 
data  to  other  locations  on  the  shield.  This  allows  a  more  complete  fatigue 
evaluation  to  be  made. 


1.  INTRODUCTION 


1.1  Objective 

The  objective  of  this  program  was  to  make  a  detailed  examination  of  the 
fatigue  performance  of  a  typical  railroad  tank  car  head  shield  and  its  attach¬ 
ments  when  subjected  to  the  car-coupling  impact  environment.  This  is  the 
operating  environment  which  leads  to  the  largest  stresses  within  the  shield 
and  its  supporting  structure.  The  work  was  based  on  test  data  obtained  on 
car-coupling  impact  tests  which  were  conducted  by  the  U.S.  Army,  Ballistic 
Research  Laboratory  (BRL)  at  Aberdeen  Proving  Ground,  Md.  The  data  obtained 
from  these  tests  showed  that  currently  applicable  head  shield  specifications 
were  met,  but  that  some  questions  remained  regarding  other  factors  that  should 
be  considered  in  the  fatigue  evaluation. 

The  primary  factor  which  had  to  be  examined  in  the  fatigue  performance  evalu¬ 
ation  was  the  number  and  range  of  strain  cycles  which  are  associated  with  car¬ 
coupling  impact.  The  number  and  range  of  strain  cycles  is  known  to  be  a  function 
of  the  car-coupling  impact  speed,  the  higher  speeds  leading  to  the  more  severe 
cases.  Data  were  available  giving  the  average  number  of  coupling  impacts  that 
a  tank  car  encounters  in  a  typical  year’s  operation.  The  fatigue  properties 
of  the  shield  were  then  to  be  evaluated  at  the  critical  regions  where  strain 
gauges  were  placed.  Utilizing  the  summary  of  stress  cycles  and  a  fatigue 
analysis,  the  service  life  of  the  head  shield  was  predicted.  The  principal 
result  from  this  analysis  was  a  determination  whether  or  not  the  anticipated 
fatigue  life  of  the  structure  was  finite  or  infinite. 

A  second  factor  which  had  to  be  considered  in  the  evaluation  was  to 
determine  the  location  of  the  maximum  strains  in  the  head  shield  and  in  this 
way  identify  the  most  critical  region.  On  impact  tests  it  is  impossible  to 
include  strain  gauges  at  every  location  on  the  structure.  Therefore,  it  is 
important  to  determine  whether  or  not  regions  of  stress  concentration  will 
produce  higher  strains  than  those  indicated  by  the  strain  gauges.  This  factor 
was  examined  by  conducting  a  dynamic  finite  element  analysis  of  a  typical 
severe  car-coupling  impact  and  using  the  results  to  provide  a  basis  for  extra¬ 
polating  the  measured  strains  to  other  regions  of  the  structure. 

1.2  Background 

The  head  shield  tests  conducted  at  BRL  were  run  under  various  conditions 
of  car-coupling  impacts.  Strain  gauge  and  accelerometer  data  were  obtained. 

The  immediate  purpose  of  these  tests  was  to  determine  whether  or  not  the  head 
shield  design  was  in  compliance  with  the  specifications  set  forth  by  the 
Association  of  American  Railroads  (AAR)  for  evaluating  new  head  shield 
designs  (Ref  1).  The  test  procedures  and  results  are  described  in  a  separate 
report  (Ref  2) . 


2.  SUMMARY  OF  TEST  PROCEDURES  AND  RESULTS 


2.1  Procedures 


A  head  shield  designed  by  RAILGARD,  INC.  was  installed  on  a  45.4  kl 
(12,000  gallon)  classification  112A  tank  car.  The  test  car  and  one  of  its 
two  head  shields  were  instrumented  with  transducers  to  provide  a  continuous 
output  of  strains,  forces,  and  accelerations.  The  car  was  tested  both  as  an 
anvil  car  and  as  a  hammer  car*.  The  orientation  of  the  car  was  also  changed 
so  that  some  tests  were  made  with  the  instrumented  shield  at  the  struck  end 
of  the  car  and  other  tests  with  it  at  the  opposite  end.  The  impact  tests 
under  each  set  of  conditions  were  begun  at  approximately  1.8  m/s  (4  mph)  and 
the  speed  was  increased  in  0.45  m/s  (1  mph)  increments  for  subsequent  tests 
until  a  coupler  force  of  5.56  MN  (1,250,000  lbs)  was  reached  as  required  in 
the  AAR  specifications  (Ref  1). 


The  test  car  had  the  following  characteristics: 


Owner's  No. 
Classifications 
Service 
Built 

Tank  Capacity 
Capacity 
Light  Weight 
Water  Capacity 


PSPC  21725 
112A400W 

Anhydrous  Ammonia 
January  1958 

55.48  kl  (14,656  gallons) 
49.4  Mg  (110,000  lbs) 

30.1  Mg  (66,400  lbs) 

55.36  Mg  (122,059  lbs) 


The  car  was  equipped  with  Barber  S-2  trucks  having  140  x  254  mm  (5-1/2  x  10  in.) 
plain  bearing  journals. 

The  head  shields  were  installed  at  both  ends  of  the  car.  Details  of  the 
design  are  shown  in  Figures  1  and  2.  The  bottom  of  the  head  shield  is  bolted 
to  two  brackets  which  are  welded  to  the  center  sill.  The  sides  of  the  head 
shield  are  supported  by  struts  which  are  connected  to  the  bolster. 


2.2  Instrumentation 


Accelerometers,  strain  gauges,  and  dynamometer  couplers  were  applied  to 
the  test  car.  Table  1  summarizes  the  instrumentation  plan. 

Strain  gauges  were  applied  to  the  head  shield  and  its  supporting  attach¬ 
ments  as  a  means  of  evaluating  the  dynamic  stresses  occuring  in  the  shield 
under  car-coupling  impact  conditions  and  to  provide  a  basis  for  estimation  of 
the  dynamic  loads  transmitted  through  the  attachments.  (Only  the  shield  at 
one  end  of  the  car  was  instrumented  with  strain  gauges.)  Figure  3  shows  the 
positions  where  strain  gauges  were  applied.  These  positions  include  regions 
where  a  preliminary  analysis  indicated  large  stresses  would  occur.  Figure  4 
shows  the  rosette  strain  gauge  position  on  the  bracket.  A  single  element 
strain  gauge  was  applied  to  each  of  the  side  support  tubes  (Figure  2);  these 
were  placed  parallel  to  the  axis  of  the  tube.  Micro-measurements  types  CEA-06- 
125UW-350  (single  element)  strain  gauges  were  used. 


*0n  an  anvil  car  test,  the  test  car  is  struck  by  a  moving  car;  on  a  hammer  car 
test  the  test  car  is  moving  and  strikes  a  standing  car.  See  test  report 
(Ref  2)  for  details. 
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FIGURE  1.  FRONT  VIEW  OF  HEAD  SHIELD  PLATE 
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TABLE  1.  INSTRUMENTATION  USED  ON  TANK  CAR  HEAD  SHIELD  TESTS 


Gauge 

Channel 

No. 

Type 

Orientation 
(V:  Vertical 

H:  Horizontal 

S:  Slant) 

Gauge 
Position 
(See  Figs. 

3  and  4) 

2, 

Location 

1 

Strain 

V 

Left 

2 

Gauge 

S 

2 

Side 

3 

Rosette 

H 

Front 

4 

Strain 

V 

Left 

5 

Gauge 

S 

2 

Side 

6 

Rosette 

H 

Rear 

7 

Strain 

V 

Right 

8 

Gauge 

S 

2 

Side 

9 

Rosette 

H 

Front 

10 

Strain 

V 

Right 

11 

Gauge 

S 

2 

Side 

12 

Rosette 

H 

Rear 

13 

Strain 

V 

Right 

14 

Gauge 

S 

1 

Side 

15 

Rosette 

H 

Front 

16 

Strain 

V 

Right 

17 

Gauge 

S 

1 

Side 

18 

Rosette 

H 

Rear 

19 

Strain 

V 

Left 

20 

Gauge 

S 

5 

Stub  Sill 

21 

Rosette 

H 

Bracket 

22 

Strain 

V 

Right 

23 

Gauge 

S 

5 

Stub  Sill 

24 

Rosette 

H 

Bracket 

25 

Single  Element 

Along 

£ 

Left  Strut  Support 

26 

Strain  Gauges 

Axis 

Right  Strut  Support 

27 

Single  Element 

H 

3 

Front  Center 

28 

Strain 

H 

•4 

Left  Side* 

29 

Gauges 

H 

4 

Right  Side* 

30 

Dynamometer 

H 

- 

Instrumented  End 

31  • 

Couplers  (force) 

H 

- 

Non instrumented  End 

32 

V 

- 

Instrumented  End 

33 

Accelerometers 

H 

- 

Instrumented  End 

34 

V 

' 

Noninstrumented  End 

♦Single  gauges  on  front  and  back  side  wired  into  a  two- active- arm  strain  gauge 
bridge  sensitive  to  bending  in  the  plate. 
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2.3  Results 


The  largest  strains  were  measured  at  gauge  Position  2.  It  had  been  anti¬ 
cipated  that  this  was  the  region  in  which  the  highest  strains  would  be  recorded. 
Table  2  compares  the  strains  measured  at  Position  2  and  those  measured  at  other 
gauge  locations  on  the  shield  and  the  supporting  bracket.  It  demonstrates  that 
the  strains  at  Position  2  were  the  largest.  The  data  in  this  table  are  shown 
for  test  run  Number  53,  a  4.1  m/s  (9.1  mph)  anvil  car  test  where  the  impact 
occurred  at  the  non-instrumented  end  of  the  car. 

The  strains  measured  at  Position  2  were  different  for  the  various  types 
of  car-coupling  tests.  This  is  illustrated  in  Table  3  where  the  strains 
measured  at  Position  2  are  shown  for  the  tests  which  were  conducted  in  the 
vicinity  of  3.6  m/s  (8.0  mph),  the  nominal  maximum  impact  speed  used  on  the 
test  program.  The  data  shown  in  the  table  for  the  hammer  car  tests  pertain 
to  the  first  recorded  peak  since  on  these  tests  the  maximum  value  was  recorded 
on  the  first  half  cycle.  The  absolute  values  of  each  succeeding  peak  were 
reduced  in  magnitude.  On  the  three  types  of  anvil  car  tests  this  was  not  the 
case;  the  second  peak  was  often  larger  than  the  first  peak.  This  is  illustrated 
by  including  the  maximum  principal  strains  for  both  the  first  peak  and  the  second 
peak  of  the  cyclic  data  for  the  tests.  The  measurement  of  larger  strains  on  the 
anvil  car  tests  is  in  agreement  with  similar  measurements  that  were  made  on 
another  series  of  tests  (see  Ref  3).  The  effect  is  due  to  the  complex  dynamic 
response  phenomena  which  occur  as  the  struck  car  is  accelerated  after  being  hit 
by  the  moving  car. 

The  decay  rates  were  analyzed  for  each  of  the  cases  listed  in  Table  3. 

It  was  found  that  there  was  no  substantial  difference  in  the  rate  of  decay  from 
one  cycle  to  the  next  for  the  two  different  types  of  tests,  hammer  car  or  anvil 
car  test,  although  there  was  some  variation  from  run  to  run  and  from  one  chan¬ 
nel  to  another.  The  average  decay  rate,  however,  was  essentially  the  same  for 
each  case  if  one  looked  at  the  decay  following  the  first  peak  for  the  hammer 
car  tests  and  following  the  second  peak  for  the  anvil  car  tests.  In  both  cases 
each  succeeding  half  cycle  was  about  80  percent  of  the  amplitude  of  the  pre¬ 
ceding  local  peak  value.  This  is  illustrated  in  Figure  5.  The  test  data 
indicated  a  range  in  the  attenuation  factor  from  0.7  to  0.9,  but  there  was  no 
correlation  between  its  value  and  the  conditions  of  the  test. 

2.4  Implications  of  Test  Data 

A  previous  report,  Ref  2,  reviewed  the  test  data  with  respect  to  the  AAR 
specifications  for  head  shield  design.  The  analysis  was  based  on  the  strain 
gauge  readings  at  Position  2.  The  results  of  this  analysis  showed  that  the 
head  shield  passed  the  requirements. 

It  was  likely,  however,  that  the  strain  gauges  at  Position  2  were  not  at 
the  most  highly  stressed  location  on  the  head  shield.  A  thorough  examination 
of  the  fatigue  properties  of  the  shield  had  to  assess  the  possibility  that  there 
would  be  a  more  rapid  accumulation  of  fatigue  damage  at  other  positions. 


TABLE  2.  MAXIMUM  STRAINS  RECORDED  ON  TEST  NO.  53, 
4.1  m/s  (9.1  mph)  ANVIL  CAR  TEST 


Gauge  1 

Location  (See  Figs.  3  and  4) 

Maximum  Strain 
|i  mm/mm  (p  in. /in. ) 

Position 

2 

(average  right  and  left  sides) 

Front  Face 

-1580* 

Rear  Face 

1800* 

Position 

1 

Front  Face 

980* 

Rear  Face 

-1150* 

Position 

3 

+  620 

-  620 

Position 

4 

(average  right  and  left  sides, 

+  880 

front  and  rear  faces) 

-  880 

Position 

5 

(on  support  bracket) 

Left  Side 

-  620* 

Right  Side 

-  520* 

♦Principal  Strains 
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TABLE  3.  MAXIMUM  PRINCIPAL  STRAINS  RECORDED  AT  GAUGE  POSITION  2 


Type  of 

Test 

Impacted 

End 

of  Car 

Test 

No. 

Speed 

m/s 

(mph) 

Cycle 

Peak 

Maximum  (Absolute)  Strain 
p  mm/mm  (p  in. /in. ) 

Front  Face 

Rear  Face 

Hammer  Car 

Noninstr. 

6 

3.7  (8.3) 

1 

1063 

-1087 

End 

7 

3.9  (8.8) 

1 

1194 

-1164 

8 

3.9  (8.7) 

1 

1169 

-1077 

Instr. 

14 

3.8  (8.6) 

1 

-  809 

882 

End 

15 

3.9  (8.8) 

1 

-  855 

936 

Anvi 1 -Free- 

Noninstr. 

21 

3.6  (8.1) 

1 

1373 

-1336 

to-Roll 

End 

2 

-1355 

1649 

22 

3.6  (8.1) 

1 

1370 

-1420 

2 

-1224 

1450 

Instr. 

29 

3.6  (8.0) 

1 

-  816 

862 

End 

2 

789 

-  840 

30 

3.7  (8.2) 

1 

-  825 

926 

2 

901 

-  914 

Anvil  -  Not 

Instr. 

37 

3.5  (7.9) 

1 

-  887 

923 

Separated 

End 

2 

1226 

-1163 

Noninstr. 

50 

3.6  (8.0) 

1 

1298 

-1228 

End 

2 

-1361 

1507 

Anvil  - 

Instr. 

39 

3.6  (8.1) 

1 

-  885 

973 

Separated 

End 

2 

1192 

-1058 

by  2.4  m 

42 

3.4  (7.6) 

1 

-  735 

860 

(8  ft) 

2 

1359 

-1292 

Noninstr. 

51 

3.5  (7.8) 

1 

1299 

-1303 

End 

2 

-1378 

1580 

53 

4.1  (9.1) 

1 

1491 

-1401 

2 

•  -1575 

1796 
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3.  DYNAMIC  ANALYSIS 


3.1  Formulation 

A  dynamic  analysis  was  conducted  to  provide  a  means  for  extrapolating 
experimental  strain  data  recorded  during  the  car-coupling  tests  to  other  loca¬ 
tions  in  the  head  shield  structure. 

A  finite  element  model  was  constructed  of  the  head  shield.  It  utilized 
beam  and  plate  elements.  A  preliminary  analysis  was  conducted  to  estimate  the 
regions  of  the  shield  where  there  were  large  stress  gradients.  The  mesh  was 
then  modified  to  utilize  smaller  elements  where  there  were  regions  of  stress 
concentration  and  large  stress  gradients.  The  final  mesh  is  shown  in  Figure  6. 
Note  that  the  model  was  constructed  with  the  assumption  that  the  shield  was 
symmetric  about  the  center  line  of  the  car. 

The  assumption  was  made  that  the  acceleration  of  the  car  could  be  inferred 
from  the  coupler  force  measured  at  the  struck  end  of  the  car.  The  dynamic 
excitation  of  the  shield  was  then  caused  by  this  motion.  It  should  be  recog¬ 
nized  that  there  were  several  limitations  in  this  procedure.  First  of  all, 
it  was  not  certain  if  the  support  points  at  the  base  of  the  shield  and  the 
support  points  at  the  ends  of  the  struts  were  in  the  same  phase  relationship. 
Secondly,  there  was  no  way  to  determine  the  structural  damping.  An  estimate 
had  to  be  made  of  this  parameter  in  the  analysis.  Furthermore,  the  impact 
forces  acting  on  the  tank  car  produced  a  stress  wave  which  moved  from  one  end 
of  the  car  to  the  other  and  was  subsequently  reflected  back  towards  the  point 
of  impact.  Thus,  the  assumption  of  a  rigid  body  acceleration  was  only  an 
approximation  of  the  complex  phenomena  which  occurred  in  the  actual  case. 

3.2  Comparison  of  Theoretical  and  Experimental  Results 

Experimental  results  from  test  runs  No.  6  and  29  were  compared  with  the 
dynamic  analysis.  Test  No.  6  was  a  hammer  car  test  at  3.7  m/s  (8.3  mph)  with 
the  impact  at  the  non-instrumented  end  of  the  car.  Test  No.  29  was  a  3.6  m/s 
(8.0  mph)  anvil  car  test  with  the  impact  at  the  non-instrumented  end  of  the 
car.  The  results  are  shown  in  Tables  4  and  5,  where  maximum  strains  are  given 
for  the  first  three  peaks  of  the  fundamental  mode  of  vibration.  Test  No.  6 
data  show  an  average  15  percent  variation  between  the  predicted  and  measured 
values.  Test  Np.  29  shows  that  the  predicted  values  for  the  first  peak  are 
about  30  percent  greater  than  the  measured  value.  The  predicted  and  experi¬ 
mental  measurements  for  the  second  peak  are  about  the  same.  The  predicted 
values  for  the  third  peak  are  about  24  percent  less  than  the  experimental  values. 

3.3  Predicted  Strains  At  Other  Head  Shield  Locations 

The  data  from  the  dynamic  analysis  can  be  used  to  determine  the  location 
where  the  largest  strains  would  be  expected  on  the  head  shield.  An  examina¬ 
tion  of  these  data  show  that  the  largest  strains  would  be  reached  at  a  point 
about  51  mm  (2  in.)  below  and  51  mm  (2  in.)  toward  the  center  of  the  shield 
from  Position  No.  2  (see  Figure  6).  The  maximum  predicted  strains  at  this 
location  are  compared  with  the  predicted  strains  for  Position  No.  2  in  Table  6. 
The  average  increase  of  front  face  strains  is  1.87  and  the  average  increase  of 
back  face  strains  is  1.99  A  nominal  representation  of  these  two  factors,  2.0, 
was  used  to  scale  up  the  experimental  test  data  from  Position  No.  2  as  an  estimate 
of  the  largest  strain  in  the  head  shield. 
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FIGURE  6.  FINITE  ELEMENT  MESH  REPRESENTATION  OF  HEAD  SHIELD 
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TABLE  4.  COMPARISON  OF  RESULTS  FROM  TEST  RUN  NO.  6  AND 
PREDICTIONS  FOR  PEAK  STRAIN  DATA 


Gauge  Location 

Strain, 

U  mm/mm  (n  in. /in. ) 

Type  of  Data 

1st  Peak 

2nd  Peak 

3rd  Peak 

(See  Fig.  3) 

Position  2, 

Prediction 

652 

-  560 

363 

Vertical  Front 

Exp.  Left  Side 

430 

-  300 

330 

Exp.  Right  Side 

500 

-  290 

290 

Position  2, 

Prediction 

946 

-  767 

422 

Horizontal 

Exp.  Left  Side 

1070 

-  710 

580 

Front 

Exp.  Right  Side 

1020 

-  670 

600 

Position  2, 

Prediction 

-  797 

683 

-439 

Vertical  Rear 

Exp.  Left  Side 

-  960 

720 

-620 

Exp.  Right  Side 

-  950 

610 

-570 

Position  2, 

Predi ction 

-  689 

547 

-280 

Horizontal 

Exp.  Left  Side 

-  520 

340 

-300 

Rear 

Exp.  Right  Side 

-  740 

540 

-240 

Position  4, 

Prediction 

1311 

-1086 

619 

Front  and  Back 

Exp.  Left  Side 

1140 

-1080 

980 

Gauges  Summed 

Exp.  Right  Side 

1030 

-  790 

880 

Position  3, 

Prediction 

-  296 

263 

-190 

Front  Face  Gauge 

Experimental 

-  360 

430 

-400 

Average  Ratio  of  Measured 

Strains  to  Predicted  Strains 
(excluding  Position  3) 

.95 

.81 

1.22 

TABLE  5.  COMPARISON  OF  RESULTS  FROM  TEST  RUN  NO.  29  AND 
PREDICTIONS  FOR  PEAK  STRAIN  DATA 


Gauge  Location 
(See  Fig.  3) 


Position  2, 
Vertical  Front 


Position  2, 
Hori zontal 
Front 

Position  2, 
Vertical  Rear 


Position  2, 

Horizontal 

Rear 

Position  4, 
Front  and  Back 
Gauges  Summed 


Type  of  Data 


Prediction 
Exp.  Left  Side 
Exp.  Right  Side 

Prediction 
Exp.  Left  Side 
Exp.  Right  Side 

Prediction 
Exp.  Left  Side 
Exp.  Right  Side 

Prediction 
Exp.  Left  Side 
Exp.  Right  Side 

Prediction 
Exp.  Left  Side 
Exp.  Right  Side 


_ Strain,  p  mn/mm  (u  in. /in.) _ 

1st  Peak  2nd  Peak  3rd  Peak 


Position  3,  Prediction 

Front  Face  Gauge  Experimental 


Average  Ratio  of  Measured 
Strains  to  Predicted  Strains 
(excluding  Position  3) 


TABLE  6.  COMPARISON  OF  MAXIMUM  PRINCIPAL  STRAINS 
PREDICTED  BY  DYNAMIC  ANALYSIS 


Predicted 

Strain,  n  mm/mm  (n  in. /in.) 

Position 

1st  Peak 

2nd  Peak 

3rd  Peak 

Gauge  Position  2  (See  Fig.  3): 

Front  Face 

1030 

-  840 

470 

Rear  Face 

-  830 

710 

-460 

Position  of  Largest  Predicted 
Strains: 

Front  Face 

1890 

-1560 

900 

Rear  Face 

-1680 

1440 

-880 
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4.  FATIGUE  ANALYSIS 


4.1  Estimated  Number  of  Car-Coupling  Impacts 

Information  is  available  (Ref  3)  which  provides  an  estimate  of  the  number 
of  tank  car  car-coupling  impacts  per  year  and  the  distribution  of  speeds  over 
which  these  impacts  occur.  These  data  are  summarized  in  Table  7.  An  average 
of  62.5  car-coupling  impacts  per  year  is  predicted.  The  events  listed  in  this 
table  refer  to  switching  movements.  Normally  there  would  be  two  primary  coupling 
impacts  associated  with  each  event.  The  first  one  occurs  when  the  car  is  the 
moving  car  striking  fixed  cars  and,  second,  when  the  car  is  the  struck  car. 

For  example,  when  a  car  is  humped  in  a  classification  yard,  it  will  strike 
standing  cars  and  the  next  car  humped  will  strike  it  leading  to  a  second 
coupling  impact.  There  will  be  more  coupling  impact  shocks  as  additional  cars 
are  humped  into  the  string  of  cars,  but  the  shock  effects  will  be  attenuated 
by  the  intervening  cars. 


4.2  Analytic  Procedures 

The  fatigue  analysis  of  the  head  shield  and  supporting  structure  was 
restricted  to  an  examination  of  the  effects  of  car-coupling  impacts.  A  pre¬ 
vious  study  of  head  shield  fatigue  concluded  that  this  is  the  most  important 
aspect  of  the  railroad  service  environment  for  the  accumulation  of  fatigue 
damage  (Ref  3).  A  more  complete  analysis  would  consider  environmental  data 
from  both  the  car-coupling  and  over-the-road  environments. 

The  fatigue  analysis  was  conducted  by  determining  the  expected  number  of 
stress  (strain)  cycles  on  a  yearly  basis  and  then  estimating  the  fatigue  damage 
caused  by  these  cycles.  The  fatigue  damage  was  expressed  as  a  percentage  of 
the  total  estimated  fatigue  life  of  the  structure. 

The  maximum  principal  strains  measured  at  Position  2  are  shown  in  Table  3 
for  each  type  of  car-coupling  test.  The  fatigue  analysis  was  concerned  with 
only  two  of  these  test  configurations,  namely,  the  hammer  car  test  and  the 
anvil  car  test  (restrained  condition).  The  number  of  coupling  events  was 
determined  by  assuming  that  each  car-coupling  impact  listed  in  Table  7  covers 
fluctuating  strains  equivalent  to  a  hammer  car  test  and  an  anvil  car  test. 

It  was  also  assumed  that  one-half  of  the  impacts  occur  with  the  car  oriented 
in  one  direction  and  one  half  of  the  impacts  occur  with  the  car  oriented  in 
the  opposite  direction. 

The  data  in  Table  3  were  used -as  a  basis  for  estimating  the  number  and 
magnitude  of  the  strain  cycles.  As  explained  earlier,  the  half  amplitude  of 
each  peak  following  the  maximum  was  only  0.8  of  the  preceding  peak  amplitude. 
The  maximum  amplitude  occurred  on  the  first  half  cycle  of  hammer  car  tests. 

The  maximum  amplitude  usually  took  place  on  the  second  half  cycle  of  anvil 
car  tests. 

The  data  in  Table  3  were  also  used  as  a  basis  for  determining  the  magni¬ 
tudes  of  the  cyclic  strains  as  a  function  of  the  coupling  impact  speed.  Data 
from  previous  tests  (Ref  3)  showed  that  the  maximum  amplitude  of  the  cyclic 
strains  scales  as  the  square  of  the  speed  on  hammer  car  tests,  and  as  the  cube 
of  speed  on  anvil  car  tests.  Table  8  presents  maximum  strain  data  for  each 
test  configuration  in  terms  of  a  3.8  m/s  (8.5  mph)  impact  speed. 


19 


TABLE  7.  AVERAGE  NUMBER  OF  YARD  COUPLING  IMPACTS 
PER  YEAR  (Ref  2) 


Speed  Range 
m/s  (mph) 

Average  Number 
of  Coupling  Impacts 
Per  Year 

0  to  0.9 

(0  to  2) 

1.0 

0.9  to  1.3 

(2  to  3) 

3.0 

1.3  to  1.8 

(3  to  4) 

9.0 

1.8  to  2.2 

(4  to  5) 

13.0 

2.2  to  2.7 

(5  to  6) 

15.0 

2.7  to  3.1 

(6  to  7) 

10.0 

3.1  to  3.6 

(7  to  8) 

6.0 

3.6  to  4.0 

(8  to  9) 

3.0 

4.0  to  4.5  (9  to  10) 

1.5 

4.5  to  4.9(10  to  11) 

1.0 

Total 


62.5 


TABLE  8.  ESTIMATED  AVERAGE  MAXIMUM  PRINCIPAL  STRAINS 
FOR  3.8  m/s  (8.5  mph)  COUPLING  IMPACT  SPEED  AT  GAUGE  POSITION  2 


Impacted 

End  of  Car 

Cyclic 

Peak 

Maximum  (Absolute)  Strain 
p  mm/mm  (u  in. /in. ) 

Type  of  Test 

Front  Face 

Rear  Face 

Hammer  Car 

Noninstr. 

End 

1 

1115 

-1085 

Instr.  End 

1 

-  794 

867 

Anvi  1 

Free-to-Roll 

Noninstr. 

End 

2 

-1420 

1707 

Instr.  End 

2 

935 

-  965 

Anvil  - 
Not  Separated 

Noninstr. 

End 

2 

-1632 

1808 

Instr.  End 

2 

1527 

-1449 

Anvil  - 
Separated 

Noninstr. 

End 

2 

-1506 

1722 

by  8  Feet 

Instr.  End 

2 

1507 

-1391 
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The  calculation  of  the  number  of  strain  cycles  assumed  that  a  tensile 
half  cycle  was  followed  by  a  compressive  half  cycle.  Table  9  gives  the 
number  of  tensile  cyclic  strain  peaks  within  given  strain  ranges  for  each 
type  of  test.  These  tables  also  show  the  distributions  of  these  cyclic  peaks 
for  various  car-coupling  speeds.  On  the  anvil  car  tests  an  extra  half  cycle 
at  the  peak  strain  value  was  added  to  account  for  the  fact  that  the  maximum 
strain  occurred  on  the  second  half  cycle. 

The  total  number  of  strain  cycles  was  estimated  on  a  yearly  basis  by 
using  the  data  in  Table  9  and  the  yearly  exposure  estimate  given  in  Table  7. 
This  information  is  shown  in  Tables  10a  to  lOh  for  each  test  condition.  Data 
are  also  given  for  both  the  front  fare  of  the  shield  and  the  rear  face  of  the 
shield  at  Position  2. 

The  dynamic  analysis  showed  that  the  principal  strains  adjacent  to  gauge 
Position  2  would  be  about  twice  the  magnitude  measured  by  the  gauges  at  Posi¬ 
tion  2.  The  fatigue  analysis  was  conducted  for  this  most  highly  stressed 
location.  The  measured  strains  given  in  Table  10a  to  lOh  were  multiplied  by 
two  for  the  calculations.  The  resulting  data  are  presented  in  Table  11,  where 
the  expected  number  of  strain  cycles  per  year  are  indicated. 

The  fatigue  problem  at  the  location  selected  for  analysis  was  obviously 
a  problem  in  low  cycle  fatigue  because  the  car-coupling  impacts  lead  to  a 
relatively  small  number  of  large  amplitude  strain  cycles.  To  estimate  the 
fatigue  •Icmage  effects  it  was  necessary  to  establish  a  procedure  for  deter¬ 
mining  the  expected  fatigue  damage  under  these  circumstances. 

The  AAR  has  published  a  procedure  which  is  to  be  followed  in  the  fatigue 
design  of  freight  car  components  (Ref  4).  The  AAR  fatigue  design  procedure  is 
based  upon  the  use  of  modified  Goodman  diagrams  for  particular  materials  and 
structural  details.  These  diagrams  portray  the  fatigue  limit  as  a  function  of 
the  stress  ratio.  The  fatigue  limit  is  assumed  to  be  established  at  2  x  106 
cycles.  A  procedure  is  given  for  calculating  the  number  of  cycles  to  failure  for 
higher  amplitude  stress  cycles.  It  is  assumed  that  the  number  of  cycles  to 
failure  can  be  represented  by  a  straight  line  on  a  plot  of  log  stress  vs  log 
cycles.  The  slope  of  such  a  plot  is  given  for  a  number  of  structural  details 
and  materials. 

The  fatigue  analysis  of  the  head  shield  was  based  on  the  assumption  that 
it  was  constructed  of  ATSM  A242  steel  having  a  yield  point  of  345  MPa  (50  ksi) 
The  AAR  fatigue  design  procedures  do  not  contain  a  modified  Goodman  diagram 
which  corresponds  to  the  type  of  structural  detail  on  the  head  shield  at  the 
location  where  the  fatigue  damage  analysis  was  to  be  conducted.  There  would 
be  a  relatively  low  stress  concentration  factor  at  this  point  because  there 
was  no  weld  penetration  into  the  plate.  Maximum  plate  stresses  were  developed 
at  the  outside  edge  of  the  bracket  plate  which  is  attached  at  the  center  sill 
of  the  car.  This  is  illustrated  in  Figure  7. 

The  assumption  was  made  that  the  fatigue  properties  of  the  plate  material 
given  in  the  AAR  procedures  (Figure  7.4. 1.1.1  of  Ref  4)  could  provide  a  basis 
for  the  analysis  of  fatigue  damage.  It  was  also  assumed  that  there  were  no 
stress  or  fatigue  concentration  factors  to  consider.  Another  assumption  was 
made  regarding  the  magnitude  of  the  strain  cycles  to  consider  in  the  fatigue 
damage  calculations.  It  was  assumed  that  each  positive  (tensile)  strain  peak 
has  associated  with  it  a  negative  (compressive)  strain  peak  of  equal  magnitude 
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TABLE  9.  STRAIN  CYCLES  ASSOCIATED  WITH  CAR  COUPLING 
IMPACTS  FOR  DIFFERENT  IMPACT  SPEEDS 


Test  Condition 

Impact 

Speed 
m/s  (mph) 

Number  of  Cyclic  Peaks  Within  Indicated  Strain 
Ranges  p  mm/mm  (p  in. /in.) 

250 

to 

500 

500 

to 

750 

750 

to 

1000 

1000 

to 

1500 

1500 

to 

2000 

2000 

to 

2500 

2500 

to 

3000 

3000 

to 

3500 

Hammer  Car,  Head 

4.7 

(10.5) 

2 

1 

1 

1 

Shield  Opposite 

4.2 

(  9.5) 

1 

1 

1 

1 

Struck  End, 

3.8 

(  8.5) 

2 

1 

l 

1 

Front  Face 

3.4 

(  7.5) 

2 

1 

2.9 

(  6.5) 

2 

1 

2.5 

(  5.5) 

2 

2.0 

(  4.5) 

1 

Hammer  Car,  Head 

4.7 

(10.5) 

1 

1 

1 

1 

Shield  Opposite 

4.2 

(  9.5) 

2  ' 

1 

1 

Struck  End, 

3.8 

(  8.5) 

1 

1 

1 

Rear  Face 

3.4 

(  7.5) 

2 

1 

2.9 

(  6.5) 

1 

1 

2.5 

(  5.5) 

1 

Hammer  Car,  Head 

4.7 

(10.5) 

2 

1 

1 

Shield  at  Struck 

4.2 

(  9.5) 

1 

1 

1 

End,  Front  Face 

3.8 

(  8.5) 

2 

1 

3.4 

(  7.5) 

2 

2.9 

(  6.5) 

1 

2.5 

(  5.5) 

1 

Hammer  Car,  Head 

4.7 

(10.5) 

1 

1 

1 

1 

Shield  at  Struck 

4.2 

(  9.5) 

2 

1 

1 

End,  Rear  Face 

3.8 

(  8.5) 

1 

1 

1 

3.4 

(  7.5) 

2 

1 

2.9 

(  6.5) 

1 

1 

2.5 

(  5.5) 

1 

Anvil  Car,  Head 

4.7 

(10.5) 

2 

1 

1 

1 

1 

Shield  Opposite 

4.2 

(  9.5) 

2 

1 

1 

1 

Struck  End, 

3.8 

(  8.5) 

1 

1 

1 

1 

Front  Face 

3.4 

(  7.5) 

1 

1 

1 

2.9 

(  6.5) 

1 

1 

2.5 

(  5.5) 

1 

Anvil  Car,  Head 

4.7 

(10.5) 

1 

1 

1 

1 

1 

1 

Shield  Opposite 

4.2 

(  9.5) 

2 

1 

1 

1 

1 

Struck  End, 

3.8 

(  8.5) 

2 

1 

1 

1 

Rear  Face 

3.4 

(  7.5) 

1 

1 

1 

1 

2.9 

(  6.5) 

1 

1 

1 

2.5 

(  5.5) 

2 

2.0 

(  4.5) 

1 
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TABLE  9.  STRAIN  CYCLES  ASSOCIATED  WITH  CAR  COUPLING 
IMPACTS  FOR  DIFFERENT  IMPACT  SPEEDS  (Concluded) 


f 


TABLE  10a.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Hammer  Car  Impact  Condition,  Head  Shield  Opposite  Struck  End,  Front  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
p  mm/mm  (p  in. /in. ) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Coupling  Impact 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

m/s  (mph) 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4. 

,5 

to 

4.9 

(10 

to 

11) 

0.5 

1.0 

0.5 

0.5 

4. 

.0 

to 

4.5 

( 

9 

to 

10) 

0.75 

0.75 

0.75  0.75 

0.75 

3. 

.6 

to 

4.0 

( 

8 

to 

9) 

1.5 

3.0 

1.5 

1.5 

3. 

.1 

to 

3.6 

( 

7 

to 

8) 

3.0 

6.0 

3.0 

2. 

.7 

to 

3.1 

( 

6 

to 

7) 

5.0 

10.0 

5.0 

2. 

.2 

to 

2.7 

( 

5 

to 

6) 

7.5 

15.0 

1. 

.8 

to 

2.2 

( 

4 

to 

5) 

6.5 

6.5 

Subtotal 


31.5  10.7  0.75  2.75  0.5 


TABLE  10b.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Hammer  Car  Impact  Condition,  Head  Shield  Opposite  Struck  End,  Rear  Face) 


Strain  Cycles  Per  Year 

In  Indicated  Strain  Ranges, 

p  mm/mm  (p  in. /in. ) 

Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Couplinq  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to  11) 

0.5 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

1.5 

0.75 

0.75 

3.6  to  4.0  (  8  to  9) 

1.5 

1.5 

1.5 

1.5 

3.1  to  3.6  (  7  to  8) 

3.0 

6.0 

3.0 

2.7  to  3.1  (  6  to  7) 

5.0 

5.0 

5.0 

2.2  to  2.7  (  5  to  6) 

7.5 

7.5 

Subtotal 

22.0 

10.75 

2.0 

1.25 

TABLE  10c.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Hammer  Car  Impact  Condition,  Head  Shield  At  Struck  End,  Front  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
H  mm/mm  (n  in. /in.) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Coupling  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to  11) 

0.5 

1.0 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

0.75 

0.75 

0.75 

3.6  to  4.0  (  8  to 

9) 

1.5 

3.0 

1.5 

3.1  to  3.6  (  7  to 

8) 

3.0 

6.0 

2.7  to  3.1  (  6  to 

7) 

5.0 

5.0 

2.2  to  2.7  (  5  to 

6) 

7.5 

7.5 

Subtotal 

23.25 

2.75 

1.25 
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TABLE  lOd.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Hammer  Car  Impact  Conditions,  Head  Shield  At  Struck  End,  Rear  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
\i  mm/mm  (u  in. /in. ) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Couplinq  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to  11) 

0.5 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

1 .5 

0.5 

0.5 

3.6  to  4.0  (  8  to  9) 

1.5 

1.5 

1.5 

1.5 

3.1  to  3.6  (  7  to  8) 

3.0 

6.0 

3.0 

2.7  to  3.1  (  6  to  7) 

5.0 

5.0 

5.0 

2.2  to  2.7  (  5  to  6) 

7.5 

7.5 

Subtotal 


22.0  10.5  2.0 


1.0 


r 


TABLE  lOe.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Anvil  Car  Impact  Condition,  Head  Shield  Opposite  Struck  End,  Front  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
U  mm/mm  (m  in. /in.) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Coupling  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to 

11) 

0.5 

1.0 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

1.5 

0.75 

0.75 

0.75 

3.6  to  4.0  (  8  to 

9) 

1.5 

1.5 

1.5 

1.5 

1.5 

3.1  to  3.6  (  7  to 

8) 

3.0 

3.0 

3.0 

3.0 

2.7  to  3.1  (  6  to 

7) 

5.0 

5.0 

5.0 

2.2  to  2.7  (  5  to 

6) 

7.5 

7.5 

Subtotal 


19.5  10.75  4.5 


2.75  1.25  0.5 


TABLE  lOf.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Anvil  Car  Impact  Condition,  Head  Shield  Opposite  Struck  End,  Rear  Face) 

[  Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 

H  rnm/imi  (p  in. /in. ) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Coupling  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to  11) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

1.5 

0.75 

0.75 

0.75 

0.75 

3.6  to  4.0  (  8  to  9) 

1.5 

3.0 

1.5 

1.5 

1.5 

3.1  to  3.6  (  7  to  8) 

3.0 

3.0 

3.0 

3.0 

3.0 

2.7  to  3.1  (  6  to  7) 

5.0 

5.0 

5.0 

5.0 

2.2  to  2.7  (  5  to  6) 

7.5 

15.0 

1.8  to  2.2  (  4  to  5) 

6.5 

6.5 

Subtotal 

34.5 

10.75 

8.5 

5.75 

2.25 

0.5 

0.75 

0.5 

ik 


TABLE  lOg.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Anvil  Car  Impact  Condition,  Head  Shield  At  Struck  End,  Front  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
M  mm/mm  (u  in. /in. ) 


Speed  Range  of 
Coupling  Impact 
m/s  (mph) 

Number  of 
Events 

Per  Year 

250 

to 

500 

500 

to 

750 

750 

to 

1000 

1000 

to 

1500 

1500 

to 

2000 

2000 

to 

2500 

2500 

to 

3000 

3000 

to 

3500 

4.5  to  4.9  (10  to 

ID 

0.5 

1.0 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

3.6  to  4.0  (  8  to 

9) 

1.5 

3.0 

1.5 

1.5 

1.5 

3.1  to  3.6  (  7  to 

8) 

3.0 

6.0 

3.0 

3.0 

2.7  to  3.1  (  6  to 

7) 

5.0 

10.0 

5.0 

2.2  to  2.7  (  5  to 

6) 

7.5 

15.0 

Subtotal 

35.75 

10.25 

2.75 

4.25 

2.0 

0.75 

0.5 

TABLE  lOh.  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Anvil  Car  Impact  Condition,  Head  Shield  At  Struck  End,  Rear  Face) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
U  mm/rnn  (u  in. /in. ) 


Speed  Range  of 

Number  of 

250 

500 

750 

1000 

1500 

2000 

2500 

3000 

Coupling  Impact 
m/s  (mph) 

Events 

to 

to 

to 

to 

to 

to 

to 

to 

Per  Year 

500 

750 

1000 

1500 

2000 

2500 

3000 

3500 

4.5  to  4.9  (10  to  11) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

4.0  to  4.5  (  9  to  10) 

0.75 

1.5 

0.75 

0.75 

0.75 

3.6  to  4.0  (  8  to  9) 

1.5 

3.0 

1.5 

1.5 

3.1  to  3.6  (  7  to  8) 

3.0 

3.0 

3.0 

3.0 

2.7  to  3.1  (  6  to  7) 

5.0 

5.0 

5.0 

5.0 

2.2  to  2.7  (  5  to  6) 

7.5 

7,5 

Subtotal 

20.5 

10.75 

3.5 

2.75 

0.75 

0.5 

TABLE  11.  SUMMARY  OF  EXPECTED  YEARLY  NUMBER  OF  STRAIN  CYCLES 
(Strain  Ranges  Adjusted  for  Estimate  at  Most  Highly  Stressed  Location) 


Strain  Cycles  Per  Year  In  Indicated  Strain  Ranges, 
p  mm/mm  (p  in. /in. ) 


500 

1000 

1500 

2000 

3000 

4000 

5000 

6000 

to 

to 

to 

to 

to 

to 

to 

to 

Condition 

1000 

1500 

2000 

3000 

4000 

5000 

6000 

7000 

Front  Face  of  Shield 
Hammer  Car,  Shield 


Opposite  Struck  End 

31.25 

10.75 

0.75 

2.75 

0.5 

Hammer  Car,  Shield 

At  Struck  End 

23.25 

2.75 

1.25 

Anvil  Car,  Shield 
Opposite  Struck  End 

19.5 

10.75 

4.5 

2.75 

1.25 

0.5 

Anvil  Car,  Shield 

At  Struck  End 

35.75 

10.25 

2.75 

4.25 

2.0 

0.75 

0.5 

Total 

109.75 

34.5 

9.25 

9.75 

3.75 

1.25 

0.5 

Rear  Face  of  Shield 
Hammer  Car,  Shield 


Opposite  Struck  End 

22.0 

10.75 

2.0 

1.25 

Hammer  Car,  Shield 

At  Struck  End 

22.0 

10.5 

2.0 

1.0 

Anvil  Car,  Shield 
Opposite  Struck  End 

34.5 

10.75 

8.5 

5.75 

2.25 

0.5 

0.75 

0.5 

Anvil  Car,  Shield 

At  Struck  End 

20.5 

10.75 

3.5 

2.75 

0.75 

0.5 

Total 

99.0 

42.75 

16.0 

10.75 

3.0 

1.0 

0.75 

0.5 

m 


FIGURE  7.  SECTION  OF  HEAD  SHIELD  PLATE  AT  BRACKET 
SHOWING  LOCATION  OF  LARGEST  STRAIN 


The  AAR  data  establishes  a  fatigue  limit  for  full  strain  reversals  of 
±600  y  mm/mm  at  2  million  cycles.  If  the  AAR  procedures  were  followed  to 
determine  the  fatigue  damage  associated  with  larger  strain  cycles,  the  result 
would  be  overly  conservative.  A  general  rule  in  fatigue  design  is  that  ±1  per¬ 
cent  strain  (10,000  y  mm/mm)  results  in  failure  at  1000  cycles.  Using  the  AAR 
procedure  would  result  in  the  calculation  of  a  stress  of  338  MPa  (equivalent 
to  1470  y  mm/mm)  for  fatigue  failure  at  1000  cycles.  This  is  a  much  lower 
strain  level  than  would  be  anticipated.  Therefore,  another  representation  of 
the  fatigue  damage  curve  was  utilized  where  the  total  strain  range  is  related 
to  the  number  of  cycles  to  failure  as  follows: 

A  B 

A  e  =  -  +  - 

N0.12  N0.6 

The  first  term  in  this  equation  represents  the  elastic  strain  effects 
and  the  second  term  represents  plastic  strain  effects.  The  relation¬ 
ship  is  based  on  the  Manson-Coffin  law  and  a  form  of  Basquin's  law  (Ref  5). 

This  equation  was  used  to  interpolate  the  fatigue  failure  curve  between  the 
two  reference  points:  ±1  percent  strain  at  1000  cycles  and  600  y  mm/mm  strain 
at  2  x  106  cycles.  This  curve  is  illustrated  in  Figure  8. 

A  linear  cumulative  damage  law  was  assumed  for  the  fatigue  damage  calcu¬ 
lations.  The  calculation  proceeded  by  determining  the  number  of  cycles  at 
various  levels  of  cyclic  strain  and  estimating  the  percentage  of  fatigue 
damage  for  each  of  these  levels.  The  damage  was  calculated  on  a  yearly  basis 
as  shown  in  Table  12.  The  total  expected  fatigue  damage  was  the  sum  of  the 
percentages  of  fatigue  damage  in  each  strain  range.  The  calculation  predicted 
that  the  expected  damage  in  a  year  long  period  is  a  very  small  percentage  of 
the  expected  fatigue  life,  being  less  than  0.2  percent.  From  a  practical 
standpoint  it  was  concluded  that  the  shield  would  have  an  infinite  fatigue  life. 
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TABLE  12.  ESTIMATED  YEARLY  FATIGUE  DAMAGE 


Range  for  Maximum 
Cyclic  Strain 

U  mm/mm 
(4  in. /in.) 

Median  of 
Strain  Range 

4  mm/mm 
(li  in. /in.) 

Cycles  To 
Failure 
(Fig.  ) 

Yearly  Fractional 
(Cycles  Given 

Front  Face 

Fatigue  Damage 
in  Table  11) 

Rear  Face 

500  to  1000 

750 

1,500,000 

0.000073 

0.000066 

1000  to  1500 

1250 

170,000 

0.000203 

0.000257 

1500  to  2000 

1750 

64,000 

0.000145 

0.000250 

2000  to  3000 

2500 

25 ,000 

0.000390 

0.000430 

3000  to  4000 

3500 

1 1 ,000 

0.000341 

0.000273 

4000  to  5000 

4500 

6,400 

0.000195 

0.000156 

5000  to  6000 

5500 

4,000 

0.000125 

0.000188 

6000  to  7000 

6500 

2,900 

-- 

0.000172 

Total  Estimated  Yearly 

Fractional  Fatigue  Damage 

0.001472 

0.001786 
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5.  CONCLUSIONS 


Analysis  of  the  test  data  indicated  that  the  RAILGARD  head  shield  provided 
an  adequate  margin  of  safety  against  the  probability  of  accumulating  signifi¬ 
cant  fatigue  damage  over  its  expected  life.  The  design  appeared  to  be  conser¬ 
vative  from  a  fatigue  damage  standpoint  and  no  problems  were  anticipated  with 
its  use. 

Evaluation  and  analysis  of  the  test  data  were  restricted  to  the  car¬ 
coupling  impact  environment,  an  environment  which  has  previously  been  shown 
to  be  the  most  significant  in  the  establishment  of  head  shield  fatigue  damage. 
For  a  more  complete  appraisal  of  fatigue  damage  effects  the  over-the-road 
environment  should  also  be  considered.  This  environment  would  include  the 
random  shocks  associated  with  train  slack  run-in  and  run-out  and  the  vibratory 
responses  resulting  from  track  irregularities  exciting  the  suspension  system 
of  the  car. 

The  results  of  the  work  show  that  one  cannot  rely  on  strain  gauge  data 
alone  to  assess  the  adequacy  of  the  head  shield  structure  to  resist  fatigue 
damage  effects.  The  finite  element  analysis  used  to  interpolate  and  extrapo¬ 
late  the  test  data  showed  that  there  were  large  stresses  at  other  locations 
on  the  head  shield.  These  stresses  depend  on  the  configuration  of  the  shield 
and  the  method  of  its  attachment  to  the  car.  Fatigue  analysis  requires  a 
means  for  extrapolating  experimental  results  to  other  regions  of  the  structure 
in  order  to  make  a  thorough  assessment  of  the  probability  of  fatigue  damage. 

The  procedures  outlined  in  this  report  showed  how  a  dynamic  finite  element 
analysis  can  be  used  to  fulfill  this  requirement. 
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